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Abstract 
 
The increasing reliance of Residential buildings in Shiraz (Iran) on air conditioning 
systems indicates the failing role of the building envelope to perform its function as 
a moderator, particularly in western facades, considering traditional type of building 
design in Iran. Minimum numbers of windows were used in west facade in classical 
house design in Shiraz due to unfavorable psychological effect of sunlight before 
sunset (evening). Nowadays is inevitable to construct windows in western facade of 
apartments as results of various usages in this surface such as bedroom, living room 
and so on.  
This dissertation investigates how indoor climate and energy usage is affected by the 
choice of shading devices and windows forms and sizes in residential buildings 
especially in western facade. Interestingly, despite the cooling systems generally are 
available but satisfy (comfort) temperatures during summer and daylight quality is 
seldom verified in residential houses.  
To achieve the aim of the thesis, west facade of few buildings which were 
constructed in Shiraz was analyzed by considering designing, windows sizes and 
internal and external shading devices. The results of these analyses were compared 
with desirable solar shading and windows type criteria in western facades. Different 
solutions were developed according to factors were considered in this study which 
includes: 
  
1. Thermal Control 
2. Daylighting   
3. Privacy  
4. View  
5. Sound Level  
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Methodology 
 
 The study was extended to two main phases. The first phase defined the theoretical 
framework for this study. In addition, it identified the methodology of analysis and 
issues that were investigated in the case study. 
 This phase, mainly a desk study, encompassed extensive literature reviews of books, 
journal papers, researches and documents to identify why opening (window) in west 
facade is necessary, by considering traditional house design in Shiraz. 
 In this research, the three residential buildings surveyed are the embedded units of 
analysis. The selection of the case study building was based on the following 
criteria: 
• It is representative of nowadays typical multi-unit residential building design in 
Shiraz 
•  The residential buildings are interesting to study because of the strategic location 
of the buildings 
• The architectural drawings of the apartments were available 
 
The data gathered called for a number of different methods of analysis in order to 
find linkages between the research object and the outcomes with reference to the 
original research questions. The design features of the apartment were analyzed 
according to the basic design principles laid out in the theoretical framework. Data 
has been categorized, tabulated, and recombined to address the initial purpose of the 
study. 
The second phase comprised of a desk study for the second time to analyze and 
evaluate the data from the first phase studies to gain a proper type and form of sun 
shade. 
  
  
Objectives: 
 
Eventually, this study is leads to design of an adjustable (passive) device for external 
shading of building envelop in Shiraz. Thus, an adjustable device that maximizes 
heat gain during heating (i.e. maximizes solar light entry) and minimizes heat gain 
during cooling (i.e. minimizes solar light entry) must address a design tradeoff. 
Moreover, comfort elements such as privacy, view and sound insulation is conceived 
in this process of design. 
1.1 Geography and Climate 
 
Iran is the 18th largest country in the 
world and is located in Middle East 
(Fig. 1). Iran's climate is generally arid 
or semiarid, with exception of the 
Caspian coast in northern edge of the 
country. Iran’s average summer 
temperatures exceed to 38°C. Annual 
rainfall is between 680 mm to 1,700 
mm in north coastal land and in arid 
part, rainfall is less than 200 mm. The 
coastal lands of the Persian Gulf and 
the Gulf of Oman in southern Iran 
have mild winters, and very humid and 
hot summers with annual rainfall 
ranges from 135 to 355 mm [1]. 
 
1.2 Shiraz 
 
Shiraz is the fifth most populous city 
of Iran and the capital of Fars 
Province. In 2009 the population of 
the city was 1,455,073. Shiraz is 
located in the southwest of Iran on the 
Roodkhaneye Khoshk (Dry river) 
seasonal river (Fig.  2). It has a 
moderate climate and has been a 
regional trade center for over a 
thousand years. It is regarded as one of 
the oldest provinces of ancient Persia. 
Shiraz is located in the south of Iran 
and the northwest of Fars Province. It 
is built in a green plain at the foot of 
the Zagros 
Mountains 1500 meters  above sea 
level. Shiraz is 919 kilometers south 
of Tehran. 
1.General characteristics of Iran: 
Figure 1. Location of Shiraz, Iran 
Figure  2. Map of Shiraz 
1.2.1 Climate 
 
Shiraz’s climate has distinct seasons, 
and is overall classed as a semi-arid 
climate, though it is only a little short 
of a Mediterranean climate. 
Summers are hot, with a July average 
high of 37.8 
°C (100.0 °F). Winters are cool, with 
average low temperatures below 
freezing in December and January. 
Around 300 mm of rain falls each 
year, almost entirely in the winter 
months fell. (Table. 1 and 2  ) 
 
 
 
Shiraz contains a considerable number 
of gardens. Due to population growth 
in the city, many of these gardens may 
be lost to give way to new 
developments. Although some 
measures have been taken by the 
Municipality to preserve these 
gardens, many illegal developments 
still endanger them.[2] 
 
Table 2. Climate date for Shiraz [2] 
Table  1. Average temperature ( ºC ) graph for Shiraz [2]  
2.1 Shiraz Traditional 
Residential Buildings 
 
Iranian’s traditional residential 
architecture includes the category of 
some principles and characters, 
elements that employed by Iranian old 
architects and craftsmen, to construct 
Iranian traditional houses. According 
to geographical situation of Iran, 
which is being situated on the edge of 
deserts and arid regions and typically 
has hot summers, cold and dry 
winters, the most important 
characteristic of Iran’s traditional 
houses was concerning to their 
climatic conditions [3]  
Usually, the orientation of Iranian 
traditional house was north-south 
direction, match to seasonal condition. 
The winter part that situated in 
northern side, face to south for 
maximum usage of sunshine in winter, 
and  summer part situated in south 
side, face to north side to decrease the 
sunshine effect in summer. Generally 
in hot and dry regions windows are 
small and are located in the upper 
parts of walls just near the ceiling. 
Although external walls do not have 
so many windows there are so many 
of them on the yard facing (south 
façade) internal walls.[4]. (Fig. 3 ) 
Colored panes allowed for a further 
diffusion of light and privacy in 
buildings. Using colored windows 
which filter the light entering through 
windows is common in hot-arid 
climate buildings. (Fig. 4) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2. Residential Buildings and Energy Efficiency 
 
Figure  3. South  facade of single house  
Figure 4. Colored windows 
2.2 Shiraz Contemporary 
Residential Buildings 
 
2.2.1 Design and Orientation 
 
 Regarding fast urban development 
some old neighborhoods, were 
demolished and new neighborhoods 
were organized. Consequently, the 
city lost its previous old form and 
appearance, and went toward a new 
form of urbanization and 
identification. single-story buildings 
were replaced by Multi-story 
residential buildings in shiraz. When 
designing a multi-unit residential 
building, it would be inevitable to 
not have west facing rooms. Many 
cases are outside the influence of the 
developer and the architect, 
especially due to actual orientation 
of the site, that is, when the site 
itself is longer on the west sides. 
 
  However, there are situations in 
Shiraz, where the orientation of 
building due to the site orientation is 
such that the west facade of a 
building is the front facing. In such 
cases, the architect and developer 
may not want to design a boring 
solid front facing wall. Rather, they 
go for big glazed surfaces only to 
make the building attractive. 
(Fig. 5 ) 
 
 
 
Figure  5. Main and West façade of  
a residential building . 
 
2.2.2 Problems 
 
The residential buildings provided by 
the developers in Shiraz do not focus 
on energy efficiency. Although, the 
government of Iran has adopted 
building energy codes in any form for 
building construction, there are many 
deficiencies in building codes. By 
observing most of the residential 
buildings in Shiraz, it seems architects 
and developers are still not aware of 
the role they can play in designing 
energy efficient buildings.  
 
Architects are under constant pressure 
from the developers and clients to 
design multi-unit residential buildings 
with maximum space utilization, more 
bedrooms per flat/unit and good 
project economy. They therefore 
concentrate mainly on unit/flat size 
per Building and treatment of the front 
facade. 
 
Designs of apartments, in general, are 
not responsive to the requirements of 
Shiraz’s climate. Residential buildings  
 
 
 
are designed without giving due 
importance to the parameters that are 
responsible for enabling thermal 
comfort without much dependence on 
energy use. For instance, normally, 
glazing materials in residential 
buildings of Shiraz are clear and tinted 
without any solar transmittance 
properties. Special glasses such as 
heat reflecting and heat absorbing will 
not be considered for the context of 
Shiraz. 
 
 
Dependence on artificial lighting and 
ventilation is common in all 
apartments. Furthermore, energy use 
in the residential sector is increasing 
dramatically due to the improvements 
of living standards. The increase in 
energy use by the residential sector 
particularly in hot and cold periods 
has been caused by the growing 
demand for air conditioners to provide 
comfort for the citizens. 
3. Case Study Findings and Data Analysis 
 
3.1 Case Study Selection 
 
In this investigation, the three 
residential buildings are studied, in 
order to identify and analyze the 
current shortage in western facade of 
modern residential building in Shiraz. 
The selection of the case study 
building was based on the following 
criteria: 
 
•It is representative of nowadays 
typical multi-unit residential building 
design in Shiraz. 
 
•The residential buildings are 
interesting to study because of the 
strategic location of the buildings. 
 
•The architectural drawings of the 
apartments were available. 
3.2 Overview of the case study 
buildings 
 
3.2.1 Case Study I : 
 
The building is in Farhang Shahr 
residential  area , an upper-income 
neighborhood,  away from the heart of 
the city. The case study building  
 (Fig. 8) is a typical four-storied multi-
unit residential building with five flats 
on each floor and nineteenth 
households. This type of multi-unit 
residential building is popular in  
 
 
 
 
 
 
 
Shiraz because of the increasing 
pressure on land and the dynamic 
changes in then urban lifestyle. Due to 
scarcity of land, old single-family 
houses are demolished and in its place 
residential buildings are built by 
developers. 
 
Figure  6.Case study building, Ground Floor Plan , Farhang Shahr residential area  
Figure 7.Case study building, Typical Plan , Farhang Shahr residential area  
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The three different flats/units in the 
west side of building are: Type A, 
Type B and Type C (Fig. 6-7 ). The 
sizes of flat Type A, B and C are 148, 
128 and 124 square meters 
respectively. All types  is surrounded 
by a road on the western side and by a 
residential building on the northern 
side.(Fig. 10) 
 
3.2.1.1 Analysis:  
As buildings in Shiraz are densely 
packed, it is usually only the front that 
gets road side  exposure. However, 
this case study building is 
 
 
 
sited on a corner plot and thus, it has 
two road facing exposures (Fig. 9 ). 
The building is  interesting to study 
because of the strategic location of the 
flats: only one flat (south-western) has 
two road-side exposures, whereas the 
remaining two apartments have 
exposures only on one side. Two 
roads, 10 and 30 meters wide are 
flanked on the western and southern 
side of the plot, respectively (Figs.10-
11). Another residential buildings 
surround the building on the north. 
Figure 9.Case study building, Location in corner 
Figure 10.View of Western side  Figure 11. View of southern side  
Figure 8. Case study building, West Elevation 
 The remoteness of the surrounding 
buildings in western side has both 
positive and negative effects. Positive, 
because they help desirable breezes 
move through building from  
windows, facilitate daylight 
penetration and keep privacy; 
negative, because the surrounding 
buildings can not provide shade. 
(Fig. 12-14) 
 
Flat type A and B:  
The living room, the bedroom beside 
the living room are located on the west 
and therefore heat up in the afternoon. 
 
 
 Curtains  normally used in one or two 
 layers for protection from solar heat 
 gain in the living room and bedroom, 
also. All  type of flats surveyed have 
air conditioners in their master bed 
and living room located on the west . 
 
Flat type C:  
Both the master bedroom and the bed 
beside the master bed have exposures 
on the west excess heat gain even 
though, the rooms on the two 
bedrooms on the west have a balcony.  
  
63°
Figure  12. Exterior View  
Figure 13. Sound distribution  
Figure 14.  Light distribution 
View to street 
 
3.2.1.2 Solar Access 
 
Solar access describes the amount of 
useful sunshine reaching a building. 
This value varies depending on 
climate, and can be impacted by the 
location of the sun and surfaces which 
surround a building. 
 
The angle at which the sun strikes a 
location is represented by the terms 
altitude and azimuth. Altitude is the 
vertical angle in the sky (sometimes 
referred to as the height); azimuth is 
the horizontal direction from which it 
comes (often referred to as the 
bearing). Altitude angles can vary 
from 0˚ (horizontal) to 90˚ (vertically 
overhead). Azimuth is generally 
measured clockwise from north so that 
due east is 90˚, south 180˚ and west 
270˚ [5]. (Fig.15) 
 
The analysis of the solar radiation on 
facade in figure 16 to 34 would help to 
study the impact of sun protection on 
the energy performance of the building 
and occupant comfort ability. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 15. Altitude and Azimuth 
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Figure 16.Case Study 1, Sun chart. 
A
ltitude 75.6 °    June 21     13:00
Altitude 62.9 °    June 21     14:00
A
ltitude 83.8 °    June 21     12:00
Altitude 36.9 °    June 21     16:00 Altitude 11.7 °    June 21     18:00 Altitude 5.7 °    June 21     18:30
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Figure. 18. Altitude 75.6 °    
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Figure. 21. Altitude 11.7 °    
 June 21     18:00 
Figure. 19. Altitude 62.9 °   
  June 21     14:00 
Figure. 22. Altitude 5.7 °    
 June 21     18:30 
 
Figure. 20. Altitude 36.9 °    
 June 21     16:00 
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Figure. 25. Altitude 56.7 °   
  Sep  21     13:00 
 
Figure. 27. Altitude 24.5 °    
 Sep  21     16:00 
 
Figure. 26. Altitude 47.9 °     
Sep  21     14:00 
 
Figure. 28. Altitude 5.1 °  
   Sep  21     15:30 
 
Figure. 23. Altitude and Azimuth of the sun in September 
Figure. 29. Altitude and Azimuth of the sun in September 
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3.2.1.3 External wall and 
building material 
 
 All external walls are of 200 mm solid 
brick. It should be noted that older 
buildings had thicker walls ranging 
from 250 mm to 500mm. With the 
advent of multi-unit residential 
buildings due to increasing pressure on 
building land and structural system, 
thick walls were replaced with 200 
mm walls. 
The exterior construction consists of 
non load-bearing walls with 0.2 m 
thickness. The  wall consists of paint, 
plaster 0.015 m in the interior, cement 
mortar 0.03 , in the interior and clay 
brick 0.2 m, cement mortar 0.3,hallow 
brick 0.05 m in the exterior. The 
calculated U-value for the assembly is 
1.06 W/m²-k. (Table 3) Some exterior 
walls that face the roadside are clad 
with colored facing bricks for uplifting 
the front facade.  
 
3.2.1.4  Thermal Insulation 
 
 Significant heat transfer occurs 
through the wall and windows, 
indicating that insulation of exterior 
walls should be of a prime concern. 
The detailed drawing (Fig.35) 
represents typical configuration of 
buildings constructed. 
 Special glasses such as heat reflecting 
and heat absorbing will not be 
considered for the context of Shiraz, 
normally. 
 
 
3.2.1.5  Sound Insulation 
 
In general, residential buildings in Iran 
do not have insulations because it is 
considered expensive and difficult to 
maintain. In the case study building, 
walls and windows have not any type 
of insulation 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
. 
 
Figure 35. Case Study I,wall-section 
3.2.1.6  Windows: 
 
 The windows are turning with PVC  
frame (Fig. 35) and have 14 mm 
thickness double glazing glass. The 
opening of these windows is more 
than 50% of the window size and so is  
good for providing airflow in 
particular, but it would also increase 
solar heat gain. . The windows have  
sliding insect nets .  
 
The window to floor area ratio (WFR) 
of each room in the different units (A, 
B and C) was calculated by dividing 
the area of the window by the area of  
 
 
 
 
the floor. Similarly, the window to 
wall area ratio in the different units 
was calculated by dividing the window 
area by floor area. 
 
The results are presented in Tables 4. 
Analysis of the results for case study I  
shows that the unit windows to walls 
area ratios (WWR) of 0.16. The values 
are below the recommended value as 
suggested by Código Técnico de la 
Edificación (DB-HE) 1 .  
Room 
Window  
orientation 
Floor area 
(In square  
metres)  
 
Window size 
(In square  
metres)  
 
Units 
Total 
Window size 
(In square  
metres)  
Total Wall 
area 
 (In square  
metres) 
Window to  
wall area  
ratio (WWR) 
 
Ground Floor - Type A             
Living room West 46.19 6.6 1 6.6     
Leval 1 and above - Type B             
Master  bedroom  West 13.2 2.5 3 7.5     
Living room West 41.2 5 3 15     
Leval 1 and above - Type C             
Master  bedroom  West 13.8 0 3 0     
Bedroom 2 West 11.4 1.6 3 4.8     
      33.9 206.54 0.16 
Table 4.  Case study I Window to wall area ratio (WWR) 
 
 
Material Layer Thickness  =e (m.) Rs (e,i) λ 
Rj= ej/λj 
(m2 ºK/W) 
Exterior 0   0.04   0.04 
Hallow Brick 1 0.05   0.55 0.09 
Cement Mortar 2 0.03   0.8 0.0375 
Hallow Brick 3 0.2   0.32 0.625 
Cement Mortar 4 0.03   0.32 0.09375 
Gypsum (Average Hardness) 5 0.015   0.3 0.05 
Interior 6   0.13   0.13 
    RT     1.06625 
Results: 
UM = 1/RT  = 1.06 
UM= 1.06 W/m2K  >     UM límite= 0.66   W/m2K 
Table 3.  Wall  Thermal Transmittance 
3.2.2 Case Study II: 
 
In order to investigate sun protection 
in western facade of residential 
building another  four story building 
with basement and a flat roof was 
chosen as a representative building 
type. This building, located in the city 
of Shiraz is shown in Figure 36.  
 
 
 
 
 
 
The building consists of six floors, a 
ground floor and a basement. Each 
floor  features   four apartments.  
The building is adjacent to an adjacent 
residential buildings on the north . The 
building plan is a simple rectangle; 
with its main facade, south-east 
oriented.(Fig. 37-39) 
Figure 37. Case Study II ,West and South view Figure 36. Case Study II , Location 
Figure 38.Case Study II, Typical Plan  
TER.
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The two dissimilar units in the west 
side of building are: Type A, Type B 
(Fig. 38). Two apartments in western 
part of building is facing the adjacent  
 
 
building with the gap  of roughly 15 
meters, also, it was surround by 10 
meters alley in the east and by main 
road in the south,30 meters. 
(Fig.40-42) 
Figure 40.Case Study II, western facade 
Figure 42.Case StudyII, East Facade Figure 41. Case Study II, South facade 
Figure 39. Case Study II, West Elevation 
Privacy and view are highly effected 
because of closeness of the adjacent 
building. Minimum separation of 27  
meters is required to achieve both 
privacy and adequate visual separation 
within  four story dwellings. (Fig. 43-
44) Table 7 illustrates typical  
distances between two buildings. 
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Figure 43. Distance between two adjacent building 
Figure 44. Overlooking between two adjacent building 
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External obstructions from 
neighboring buildings are influence 
the amount of daylight reaching the 
interior as illustrated in Figures  45  
and 46 which show an external 
obstruction will diminish the average 
daylight factor on each story of the 
building, but the effect is much  
stronger on the lower story of the 
building where the daylight 
availability is reduced by more than 
half. External walls are constructed of 
a row of stone over a row of bricks. 
No sound and thermal insulation have 
been added to the wall . 
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Figure 45. Solar Radiation in Upper level 
Figure 46. Solar Radiation in Lower level 
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Figure 47.Case Study II, Sun chart. 
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Figure. 48. Altitude and Azimuth of the sun in June 
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Figure 49. Altitude 83.8 ° 
 June 21   12:00 
Figure 50. Altitude 75.6 °    
 June 21     13:00 
 
Figure 53. Altitude 11.7 °    
 June 21     18:00 
Figure 51. Altitude 62.9 °   
  June 21     14:00 
Figure 54. Altitude 5.7 °    
 June 21     18:30 
 
Figure 52. Altitude 36.9 °    
 June 21     16:00 
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Figure 56. Altitude 60.7 °  
   Sep 21     12:00 
 
Figure 57. Altitude 56.7 °   
  Sep  21     13:00 
 
Figure 59. Altitude 24.5 °    
 Sep  21     16:00 
 
Figure 58. Altitude 47.9 °     
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Figure 60. Altitude 5.1 °  
   Sep  21     15:30 
 
Figure 55. Altitude and Azimuth of the sun in September 
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Figure. 61. Altitude and Azimuth of the sun in September 
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Figure 61. Altitude 37 °   
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Figure 62. Altitude 34.9 °    
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Figure 64. Altitude 36.9 °     
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Figure 63. Altitude 29.4 °  
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Figure 65. Altitude 6 °     
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3.2.2.1 External wall and 
building material 
 
 All external walls are of 200 mm solid 
brick. It should be noted that older 
buildings had thicker walls ranging 
from 250 mm to 500mm. 
The exterior construction consists of 
non load-bearing walls with 0.2 m 
thickness. The  wall consists of paint, 
plaster 0.015 m in the interior, cement 
mortar 0.03 , in the interior and clay 
brick 0.2 m, cement mortar 0.3,stone 
0.03 m in the exterior. The calculated 
U-value for the assembly is 0.99 
W/m²-k. (Table 5).  
 
 
3.2.2.2  Windows: 
 
 The windows are turning with PVC  
frame and have 6 mm thickness tinted  
glass. The window to floor area ratio 
(WFR) of each room in the different 
units (A and B) was calculated by 
dividing the area of the window by the 
area of the floor. The results are 
presented in Tables 6.Analysis of the 
results for case study II shows that 
window to wall area ratios (WWR) is 
0.1.  
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Figure 66. Case Study II, wall-section 
Table 5. Wall  Thermal Transmittance 
Material Layer Thickness  =e (m.) Rs (e,i) λ 
Rj= ej/λj 
(m2 ºK/W) 
Exterior 0   0.04   0.04 
Stone 1 0.03   1.3 0.0230769 
Cement Mortar 2 0.03   0.8 0.0375 
Hallow Brick 3 0.2   0.32 0.625 
Cement Mortar 4 0.03   0.32 0.09375 
Gypsum (Average Hardness) 5 0.015   0.3 0.05 
Interior 6   0.13   0.13 
    RT     0.9993269 
Results: 
UM = 1/RT  = 0.99 
UM= 0.99 W/m2K  >     UM límite= 0.66   W/m2K 
Room 
Window  
orientation 
Floor area 
(In square  
metres)  
 
Window size 
(In square  
metres)  
 
Units 
Total 
Windows 
Area (In 
square  
metres) 
Total Wall 
area 
 (In square  
metres) 
Window to  
wall area  
ratio (WWR) 
 
Ground Floor and above- Type 
A             
Master  bedroom  West 14 1.84 6 11.04     
Bedroom 2 West 12.5 2.5 6 15     
Ground Floor and above- Type 
B              
Living room  West 34 5.1 6 30.6     
Bedroom  West 12 2.6 6 15.6     
  72.24 680.23 0.10 
Table 6.  Case study II Window to wall area ratio (WWR) 
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3.2.3 Case Study III: 
 
In the process of analysis west facade 
in Shiraz another modest six‐story 
apartment building was chosen which 
were surrounded in north and south by 
adjacent building. However, this case 
study because of its location has two 
road-side exposures in west and 
east.(Fig. 70-71). The building   
 
 
consists of six floors, a ground floor 
and a  basement. Each floor  features 
five apartments except ground floor 
that there is only one apartment. 
In the western part of building there 
are three different flats: Type A, Type 
B and Type C (Figs. 67-68) 
Figure 67. Case Study III, Ground Floor Plan 
Figure 68. Case Study III, Typical Plan 
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Figure 69. Case Study III West Elevation Figure 70. Case Study III Western Facade 
Figure 71.Case Study III Eastern  Facade 
Distance between two
buildings is more than
27 meters
In this example, privacy and 
overlooking from public roads and 
paths and from other dwellings are 
achieved by arranging for enough 
distance between buildings. The way 
in which privacy is achieved will have 
a major impact on the natural lighting 
that help building gain enough 
daylight through the day. 
Figure 72. Desirable distance between adjacent building 
Table 7.  Desirable distance separation between adjacent building [6]                      
Distance between two 
building is 27 meters 
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Figure 73.View over street 
Figure 74. Western View over Street 
25°
Figure 75. Sound distribution          
Figure 76. Solar Access according to distance between two building 
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Figure 77. Sun Chart 
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Figure 78. Altitude and Azimuth of the sun in June 
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Figure 79. Altitude 83.8 ° 
 June 21   12:00 
Figure 80. Altitude 75.6 °    
 June 21     13:00 
 
Figure 83. Altitude 11.7 °    
 June 21     18:00 
Figure 81. Altitude 62.9 °   
  June 21     14:00 
Figure 84. Altitude 5.7 °    
 June 21     18:30 
 
Figure 82. Altitude 36.9 °    
 June 21     16:00 
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Figure86. Altitude 60.7 °  
   Sep 21     12:00 
 
Figure 87. Altitude 56.7 °   
  Sep  21     13:00 
 
Figure 89. Altitude 24.5 °    
 Sep  21     16:00 
 
Figure 88. Altitude 47.9 °     
Sep  21     14:00 
 
Figure 90. Altitude 5.1 °  
   Sep  21     15:30 
 
Figure 85. Altitude and Azimuth of the sun in September 
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Figure. 91. Altitude and Azimuth of the sun in September 
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Figure 92. Altitude 37 °   
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Figure 93. Altitude 34.9 °    
 Dec  21     13:00 
  
Figure 95. Altitude 36.9 °     
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Figure 94. Altitude 29.4 °  
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Figure 97. Case Study III, wall-section 
3.2.3.1 External wall and 
building material 
 
 All external walls are of 200 mm solid 
brick. It should be noted that older 
buildings had thicker walls ranging 
from 250 mm to 500mm. 
The exterior construction consists of 
non load-bearing walls with 0.2 m 
thickness. The  wall consists of paint, 
plaster 0.015 m in the interior, cement 
mortar 0.03 , in the interior and clay 
brick 0.2 m, cement mortar 0.3,stone 
0.03 m in the exterior. The calculated 
U-value for the assembly is 0.99 
W/m²-k. (Table 8).  
 
 
3.2.3.2  Windows: 
 
 The windows are turning with PVC  
frame and have 18 mm double glazing 
glass. The window to floor area ratio 
(WFR) of each room in the different 
units (A,B and c) was calculated by 
dividing the area of the window by the 
area of the floor. The results are 
presented in Tables 9.Analysis of the 
results for case study III shows that the 
window to wall area ratios (WWR) is 
0.24.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
. 
 
Table 8. Wall  Thermal Transmittance 
Material Layer Thickness  =e (m.) Rs (e,i) λ 
Rj= ej/λj 
(m2 ºK/W) 
Exterior 0   0.04   0.04 
Stone 1 0.03   1.3 0.0230769 
Cement Mortar 2 0.03   0.8 0.0375 
Hallow Brick 3 0.2   0.32 0.625 
Cement Mortar 4 0.03   0.32 0.09375 
Gypsum (Average Hardness) 5 0.015   0.3 0.05 
Interior 6   0.13   0.13 
    RT     0.9993269 
Results: 
UM = 1/RT  = 0.99 
UM= 0.99 W/m2K  >     UM límite= 0.66   W/m2K 
Room 
Window  
orientation 
Floor area 
(In square  
metres)  
 
Window size 
(In square  
metres)  
 
Units 
Total 
Window size 
(In square  
metres)  
Total Wall 
area 
 (In square  
metres) 
Window to  
wall area  
ratio (WWR) 
 
Ground Floor - Type A             
Living room West 18.9 1.1 1 1.1     
Ground Floor and above - Type 
B             
Living room West 18.6 3.5 7 24.5     
Bedroom 2 West 10 2.3 7 16.1     
Master  bedroom  West 12 3.15 7 22.05     
Leval 1 and above - 
Type B               
Living room West 24.4 3.5 6 21     
Bedroom 2 West 10 1.6 3 2.2     
      86.95 360.24 0.24 
Table 9.  Case study II Window to wall area ratio (WWR) 
 
 
3.3 Conclusion 
 
All the features that were analyzed in 
this study in order to identify whether 
western facade of residential building 
in Shiraz needs sun protection for 
windows or not? 
 
For this purpose, ratio of window to 
wall area in the different units were 
calculated to determine the amount of 
opening in the western wall. 
In national construction regulation of 
Iran, there is not any reference to 
opening limitation in western facade 
of residential buildings. For this 
reason, it was decided to use " CTE,  
DB-HE1 " of Spain instead. 
At first, it was tried to find the most 
similar city in Spain due to 
considering climate condition. Finally, 
Madrid was chosen by considering the 
average air temperature and humidity 
levels throughout the year. (Table 10 
and 11) 
Interestingly, according to the ratio of 
window to wall area in all case studies 
( 4 , 6 and 9  for case study I, II, III 
respectively ) and matching results 
with " DB-HB ", there is no need for 
window shading (Table 12). However, 
it should not be forgotten that the 
Shiraz and Madrid are located in 
different altitude. Shiraz is located at 
latitude 29.6 º N while Madrid is 
located at latitude 40.23 º N. 
A comparison between Shiraz and 
Madrid has been conducted in order to  
 
 
see the differing performance of 
shading devices with regard to a 
changing location. Shiraz is located in 
a hot climate, while Madrid is situated 
11° further north at a latitude angle of 
40.23°N, in a temperate climate. 
Therefore, the changes in solar 
radiation and in the performance of 
the shading devices should be 
remarkable. Furthermore, the author 
of this study is originally from Shiraz, 
so simply feel the difference. As 
expected, solar radiation is much 
lower in the temperate zone compared 
to a hot climate. This has to do with a 
location’s latitude and longitude and 
thus its exposure to the sun. The closer 
to the equator, the higher the solar 
insolation. It is obvious that Madrid 
does not have same tendency in solar 
insolation in west because the further 
west the sun is, the lower the 
percentage of solar radiation 
compared to Shiraz. These facts proof 
that the solar radiation in more in 
Shiraz than in Madrid. Moreover, this 
difference in solar distribution may 
lead to glaring in interior of buildings 
for citizens. With respect to all 
mentioned above it would be 
significantly better to use proper type 
of shading device for west orientation 
in Shiraz. 
Table 12. Valores límite de los parámetros característicos medios. [11] 
Table 11. climate Zones of Spain. [11] 
 
 
Table 10. Datos climáticos mensuales de capitales de provincia, T en ºC y HR en %WWR).[11] 
 
 
 
4.Shading systems  
 
This investigation has been conducted in 
order to gain the necessary knowledge 
to design an optimized shading system. 
An optimized shading system represents 
a structure that provides maximum 
shading for a specified period 
throughout the year. To be able to do so, 
a study of a typology of existing 
conventional shading systems needed to 
be conducted. Knowing about existing 
shading solutions helps to define the 
needs and requirements of an innovative 
optimized shading structure. To 
optimize conventional shading systems, 
the process of designing such systems 
had to be analyzed. 
 
 
 
4.1 Importance of shading 
 
As already discussed in the previous 
chapter it is highly important to provide 
comfort factors for occupants and 
reduce the energy consumption of 
buildings. A west-facing building 
without shading devices is fully exposed 
to direct insolation. In hot climates, such 
as Shiraz, where temperatures exceed 
the desired indoor temperature, the need 
for shading devices is even more 
important. There are two reasons why 
direct sunlight has a much higher impact 
on windows than on walls. First, 
exterior walls have a higher capability to 
store heat due to their thermal inertia. 
Second, glass is almost transparent to 
shortwave radiation.`[5]  
 
 
Figure 98. West facade, Phoenix City Hall [7] 
Figure 99 . West facade, Phoenix City Hall [7] 
 If solar insolation hits the surface of the 
window, the solar rays radiate through the 
glass and heat up the surfaces behind. 
One way to reduce the transmittance is to 
use reflective glazing. With the use of 
reflective film or coating, the efficiency 
of the glazing depends on thermal and 
visual properties. Very often, visual 
contact is effect by the color of the 
reflective film, which darkens the view. 
Thus, the lower the visual quality for the 
user. As a result, shading the window area 
from direct insolation usually yields 
better results than reflective glazing with 
regard to the quality of visual contact. 
 
 
4.2 Shading types: 
 
 There is a high variety of external 
shading devices existing on the market. 
Yet, for the most part, they can be divided 
into two major categories: horizontal fins 
and vertical fins 
(Fig.  100  to  106 ). 
 
 Even if there are ways to reduce solar 
insolation, direct sunlight as well as 
diffuse sunlight will always have an 
impact on the indoor environment. Solar 
insolation not only heats up the internal 
space due to penetration through the 
window but also due to energy flow 
through the whole envelope - the façade 
and the roof. As soon as the solar rays hit 
the surface of the building, the energy 
gets absorbed by the material. The 
amount of absorption depends on the 
thermal properties of the material as well 
as on color. Since direct sunlight for the 
most part causes overheating, designers 
try to keep it out of the building. Yet, 
direct sunlight is important for the indoor 
environment since it affects the comfort 
level of the user in a positive way.  
Figure 100. 
Standard horizontal 
overhang. 
 
 Figure 101. 
Vertical louvers or 
fins for west 
facades. 
Figure   102 . Drop 
the 
Edge for less 
projection. 
 
Figure 103. Slope it 
down for less 
projection. 
Figure  104. 
Substitute Louvers 
for the solid 
Dropped edge to let 
in more light. 
 
 
 
Figure  105   . Use 
louvers in place of 
solid overhang for 
More diffuse light 
while still shading. 
Figure  106  . Break up an overhang for less 
projection. 
4.2.1 Internal Shading: 
 
When louvers are used on the inside, 
the thermal performance is highly 
affected since the shortwave 
radiation coming from the sun is 
turned into long wave radiation as 
soon as it gets absorbed. Thereby, 
internal shading devices act like 
radiators. Glass is opaque to long 
wave radiation so it is reflected to the 
inside again, causing not only 
overheating in between the shading 
device and the window but is also 
heating up the interior surfaces and 
interior air through radiation and 
convection. As a result, internal 
shading devices should not be 
defined as shading devices since 
shading structures are intended to 
keep the heat outside. They should 
rather be categorized as glare control 
devices.(Fig. 107 to 112) 
Figure 109. 
Administration 
building, annover 
 
Figure   110  . 
Internal shading 
Figure  111  . 
Internal venetian 
blinds 
 
Figure    112 . 
Internal venetian 
blinds 
Figure 108 . An interior shade screen fits neatly 
within window  framing, a bit away from the 
glass. 
Figure 107 . Shades, blinds, and draperies are the 
categories of interior shading products. 
4.2.2 External shading 
 
External shadings on the other 
hand are affected by weather and 
wind conditions, which lead to 
higher capital and maintenance 
costs. External shading devices 
block the sun before it can even 
heat up the surface or penetrate 
the windows.(Fig. 113 to 138) 
 
 
4.2.2.1 Horizontal shading 
 
The most common shading 
device is the use of horizontal 
shading devices in order to 
reduce light coming from the sun 
at a high profile angle. There are 
many ways to take advantage of 
this kind of shading structure 
such as venetian blinds, 
overhangs or reflective lamella 
in the cavity between the glazing 
of the window. Due to their 
operability, horizontal fins are 
usually very effective. They can 
almost provide full shading 
according to the requirements of 
the occupant or depending on the 
position of the sun (orientation 
of the building or time during the 
day).(Fig. 113 to 126     ) 
Figure 113. External roller 
blind 
 
Figure 114. External roller 
blind 
Figure 115 . Drop arm 
awnings and sun-blinds 
 
Figure  116. External 
awning blind 
Figure  117. External 
venetian  blinds 
 
 
Figure 118. External 
venetian blinds 
Figure 119. External 
venetian  blinds – 
overhang 
 
Figure 120 . Horizontal 
blinds  as overhang 
Figure 121 . External 
shading 
 
Figure 122. Horizontal 
blinds 
They are highly efficient for 
south-oriented façades and 
especially when the sun is at high 
positions. But, as the sun gets 
lower, the wider the shading 
device has to be to provide 
sufficient shading. Some 
overhangs are designed to reflect 
direct sunlight into the depth of 
the room. This helps to reduce 
artificial lighting while providing 
natural daylight . The same may 
be true of other horizontal 
shading devices, if designed 
properly . 
 
One way to reduce overheating 
while still protecting a shading 
device from wind and weather is 
to place the shading device in the 
cavity between the panes of 
glass. Even if this system 
produces overheating due to 
radiation and convection in the 
cavity, it is still less than if the 
shading device would be 
positioned on the inside of the 
façade. Nevertheless, if there is 
shading used in the cavity 
between the panes of glass or on 
the inside of the exterior surface 
of a double-façade, the space 
should be ventilated in order to 
discharge the heat to the exterior. 
This usually happens at the upper 
part of the system due to thermal 
reasons. [8] 
(Fig. 127 and 130 ) 
Figure 123 . External 
shading – overhang 
 
 
Figure 124. External 
shading - overhang 
 
Figure 125. Horizontal 
louvers 
 
 
 
Figure 126. External 
shading - horizontal 
louvers 
Figure 127. FO of MP, 
Esslingen  
 
 
 
Figure 128 . Shading in 
cavity between glazing 
Figure  129. Reflective 
lamella in cavity 
 
 
Figure 130 . Design 
Center, Linz, Austria 
4.2.2.2 Vertical shading 
 
While horizontal shading is 
highly effective against direct 
sunlight from a high angle, 
vertical shading is very effective 
for direct sunlight at a low angle, 
such as during the morning, the 
afternoon and the evening . 
Vertical fins generally block low 
solar radiation coming from the 
side. Thus, they are useful on 
east and west facing façades. 
Therefore, even if the outside 
view is limited due to the 
vertical shadings, similar to 
horizontal shadings, most of the 
window is protected from direct 
sunlight. Vertical fins are 
generally not successful on 
southwest or southeast façades 
since the solar altitude angle is 
too high during the hot season. 
For these orientations a 
combination of vertical and 
horizontal fins are most effective 
at blocking the sun for both, high 
and low positions. [8] 
(Fig. 135 to 138) 
 
Figure 131. Daylight 
control - prismatic 
panel 
 
Figure 132. Art 
Museum, Seattle 
(USA) 
Figure 133. Daylight 
control - light shelf 
 
 
Figure 134. Daylight 
control – light shelf 
Figure 135. Daylight 
control - deflecting 
lamellae 
 
Figure 136 . ZVK 
(SOKA Bau), 
Wiesbaden  
Figure 137. Vertical 
louvers 
 
 
Figure 138 . Office 
building, Tokyo,  
4.2.3 Manipulators 
 
Shading devices that can be 
operated either manually by the 
occupant or mechanically by an 
automated control device are 
called Manipulators. One of the 
very first manipulators is the 
shutter. It was originally used to 
protect the window from natural 
forces (e.g. wind, water, snow, 
etc.). One of the advantages of 
manipulators lies in the 
possibility to adjust the shading 
device to the sun’s position. As 
soon as the shading device 
doesn’t provide enough 
protection any more, it can be 
adjusted to the sun’s position in 
order to reconstruct the 
optimized shading. Higher costs 
and maintenance issues have to 
be considered(Fig. 139 to 144 ) . 
Furthermore, the occupant has 
the chance to adjust his 
environment according to his 
desires. The occupant is able to 
adjust variables such as the 
degree of visual contact or solar 
radiation depending on his level 
of comfort. The more detailed 
the occupant can change the 
shading device, the more likely 
he will be satisfied.[8] 
Figure 139. House 
Suheimi, Cairo  
 
 
Figure 140. House 
Suheimi, Cairo  
Figure 141. DHouse 
Gayer-Anderson, Cairo  
 
Figure 142. Alhambra, 
Granada  
Figure 143. Caixa 
Forum, Madrid  
 
 
Figure 144. Caixa 
Forum, Detail 
 
5.Sunshade design 
 
As mentioned in the previous 
chapter, in order to be able to 
design optimized shading 
structures, it is important to know 
how to design conventional 
shading structures. In the 
following, the necessary design 
parameters are discussed as well 
as a methodology of how to 
design an optimized shading 
structure. 
 
 5.1 Approach 
 
The design of a shading device 
depends on a variety of different 
variables. It is rare that a design 
specific for one location can be 
applied to another location. The 
reason for the need of a 
specialized design can be 
explained through the following 
variables. 
 
 
 
5.1.1 Climate 
 
It is of high importance to know 
about the climatic conditions for 
which the shading structure has to 
be designed for. The requirements 
for hot-dry climates like Shiraz, 
Iran, are much different than for a 
moderate climate like in 
Barcelona, Spain.(Fig. 13) 
Different climates require 
different designs. Basically, in a 
climate such as Shiraz, the interior 
has to be protected in the summer 
completely from direct sunlight.  
Figure 145. Movable fins. 
 
Figure 146. Egg Crate shading device. 
 
 
The solar radiation would heat up 
the room when the space actually 
has to be cooled down due to 
exterior dry-bulb temperatures 
above comfort level. On the other 
hand, in the winter, direct sunlight 
can actually be used to heat up the 
room and decrease the amount of 
energy needed to maintain the 
desired temperature. 
 
 
5.1.2 Location 
 
Latitude and longitude play 
significant roles in the climate 
related design for a building. The 
altitude of a location has no direct 
relation to the façade, it only 
influences the sizing of the 
building’s equipment. 
Furthermore, if a building is 
located close to the equator 
instead of nearby the arctic or 
Antarctic circle, the sun’s path 
will change significantly. The 
closer to the equator, the more 
perpendicular are the solar rays to 
the ground. A building closer to 
the arctic or Antarctic circle 
receives solar rays which are 
much more perpendicular to a 
vertical surface.  
Shiraz located in 29.61° N,  
52.53° E. 
 
Table 13. Climate Change for Shiraz. 
 
5.1.3 Orientation 
 
Choosing proper sun protection 
respect to right directions play 
important role not only in reducing 
energy consumption but also in 
thermal comfort and glaring.  In hot 
regions, the selected sunshade 
should aim to minimize solar 
penetration. At the same time, 
should be allowed the prevailing 
wind for the purpose of natural 
ventilation. 
 
 
5.1.4 Solar geometry 
 
The position of the sun not only 
changes throughout the day but 
also throughout the whole year. 
It can be described through 
several geometrical aspects. 
Depending on the day of the year 
and the time during the day, the 
sun’s azimuth angle changes 
constantly while the earth is 
rotating around its axis. Due to 
the tilt of the earth’s axis and its 
rotating around the sun, the 
azimuth angle of the location of 
the rising and setting sun 
changes throughout the year. In 
Shiraz, the sun rises at an angle 
of 65° east in June and sun sets 
at angle of  sun sets at an angel 
of 293º west, whereas in 
December, the sun rises and sets 
at an angle of 115° east and 244° 
west, respectively. Furthermore, 
the sun rises earlier in the 
morning in the summer than in 
the winter - the earliest on June 
the 21 (summer solstice), the 
latest on December the 21st 
(winter solstice). 
 
These phenomena have a 
tremendous impact on the solar 
exposure of the façades. 
Throughout the seasons, the 
profile angle of the sun at solar 
noon changes from its lowest 
point at noon on December 21st 
(37°)  to its highest point on June 
the 21st (83°) .  
Figure 147. December 21st at  
12:00 a.m. 
 
 
 
Figure 148. December 21st at 
 15:00 a.m. 
Figure 149. September 21st at  
12:00 a.m. 
 
 
Figure 150. September 21st at 
 15:00 a.m. 
Figure 151. June 21st at  
12:00 a.m. 
 
 
Figure 152. June 21st at 
 15:00 a.m. 
Figure 153. Sunset in Winter 
 
 
 
Figure 154. Sunset in summer. 
5.1.5 Occupancy 
 
Different uses require different 
approaches toward the design of the 
sunshade. A façade of a residential 
building has different needs than a 
façade of an industrial or commercial 
building. In residential buildings, 
higher comfort requirements and the 
need for a certain degree of privacy 
usually lead to a lower window to 
wall area ratio. Internal loads are 
generally much lower as well. Thus, 
the heating and cooling loads can be 
significantly different. Even within 
the same building, the functional 
requirements may change depending 
on the different requirements of the 
interior, such that the design of the 
façade may vary in relation to diverse 
programmatic zones. 
 
Thus, the requirements of a façade 
can significantly change with regard 
to climate, location, orientation and 
function. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5.2 Methodology 
 
The following steps should be 
followed to design an optimized 
shading device:[9] 
 
1.Determine the overheated 
period which describes when 
shading is necessary, at what 
times of the year and between 
what hours of the day. 
 
At cooler temperatures, the direct 
sunlight is desired to heat up the 
space, whereas during warm periods, 
shading devices are needed to achieve 
or approach comfort conditions. In the 
temperate zone, a temperature of 
21°C can be used to define the times 
when shading is needed. If the 
temperature exceeds 21°C, shading 
should be provided, while everything 
below 21°C can be neglected. 
Temperatures above 21°C are 
considered to be in the category of 
overheated periods. To define the 
periods when shading is needed, 
climate data will be used to define 
when the temperatures falls within the 
overheating period. 
 
 
2. Determine the position of 
the sun when shading is 
needed. 
 
The ‘sun-path diagram’ or a ‘sun 
position calculator’ can be used 
to determine the sun’s position at 
any time with regard to the 
buildings location and 
orientation. The sun-path 
diagram shows the path traced 
by the sun across the sky dome, 
projected on to the horizon 
plane. The diagram can 
determine the profile angle, the 
azimuth angle, as well as the 
altitude angle of the sun for any 
time during the year.(Fig. 155 to 
157) 
 
 
3. Determine the type and 
position of a shading device 
needed between the sun and 
the point of observation 
during the overheated 
period. 
 
Shading devices can be projected 
the same way on a horizon plane 
as the sun-path diagram, shown 
in figure    . From the center of 
that diagram, the point of 
observation is looking toward 
the sky. The area, which overlaps 
with the sun-path diagram, is 
shaded, whereas the area which 
is not covered on the sun-path 
diagram, is exposed to solar 
insolation. Any point of a 
building will show its own 
specific diagram, which is called 
the ‘shading mask’. [5] 
Figure 156. Sun path in 
September. 
Figure 157. Sun path in 
December. 
Figure 155. Sun path in June. 
Horizontal shading devices like 
overhangs show a segmental 
character, while vertical shading 
devices show a radial character. 
Shading devices, which consist 
of both horizontal and vertical 
elements, show a combination of 
both characters. Overlaying a 
sun-path-diagram with a shading 
mask will show immediately the 
times when the point of 
observation is exposed and when 
it is shaded.. 
Since a shading device should 
have a reasonable form 
aesthetically, it might happen 
that the shading device also 
provides shading when direct 
sunlight would actually be 
helpful to reduce heating 
demands. The effectiveness of 
the shading device depends on 
the maximization of covered 
overheated period area and 
uncovered area for temperatures 
when solar exposure is desired. 
If 100% of the overheating 
period area is covered, no direct 
sunlight will hit the surface when 
the temperature will be over 
21°C for the Temperate Zone. If 
50% of the area is covered, 
shading will be provided only 
half of the time and so on. A rule 
of thumb indicates that if 50% of 
the window area is covered 
during the overheating period the 
shading device will be effective. 
.  
Table 14. Horizontal shading devices. 
Source: : (Ministry of Local Government, 2004) 
The effectiveness of the shading 
device depends on the 
maximization of covered 
overheated period area and 
uncovered area for temperatures 
when solar exposure is desired. 
If 100% of the overheating 
period area is covered, no direct 
sunlight will hit the surface when 
the temperature will be over 
21°C for the Temperate Zone. If 
50% of the area is covered, 
shading will be provided only 
half of the time and so on. A rule 
of thumb indicates that if 50% of 
the window area is covered 
during the overheating period the 
shading device will be effective 
(Table 13,14 and 15).  [9] 
Table 16. Combined shading devices. 
Source: : (Ministry of Local Government, 2004) 
Table 15. Vertical shading devices. 
Source: : (Ministry of Local Government, 2004) 
 5.3 Design solution 
 
The previous parts stated a 
general review about the 
definition and function of 
sunshades. In the following, 
investigation will done to choose 
between the various technically 
correct possibilities. 
 
How does a sun-tracking 
shading device have to be 
adapted during the day? 
 
The following parameters have 
been set up to conduct this study. 
The blinds have a width of 
30cm. They are all parallel to 
each other and they are all 
connected to the façade on one 
side. The blinds do always have 
to be oriented towards the sun so 
that their surfaces are 
perpendicular to the solar rays. 
 
Surface area of the shading 
devices is facing the sun and 
protecting the window from 
direct sunlight. This study has 
been conducted for western 
orientations. Figures 158 to 162 
show the design solution in 
elevation for a west oriented 
building and represent a design 
solution, which provides full 
shading from June 21st until 
December 21st from 12 a.m. 
until 5 p.m. The shading devices 
have been designed for the sun’s 
position for every full hour of 
the day from 12 a.m. until 5 p.m. 
Thus, there are four different 
designs for the shading devices 
throughout the day. 
 
 
Figure 159. Full 
shading at 2 p.m. 
Figure 160 . Full shading 
at 3 p.m. 
Figure 161. Full 
shading at 4 p.m. 
Figure 162. Full shading 
at 5 p.m. 
Figure 158. Changing the orientation of blind 
throughout the day.( These blinds change their 
orientation during the day and year according to the 
position of the sun ) 
 
 
The elevations of the shading 
devices for each hour show that the 
fins follow the sun, which moves 
around the earth on a circular path. 
For a west oriented building it can 
be stated that the lower the altitude 
angle of the sun, the higher the 
number of fins necessary to cover 
the window. This means an 
increasing surface area of shading 
devices is needed in order to 
protect the window from direct 
solar insulation (compare fig.159 
and 162 , where at 2 p.m., the 
altitude angle is at 60° while at 5 
p.m. it is at 12°). Since the sun is at 
a much lower position at 5 p.m. 
The altitude angle of the sun is 12° 
and the azimuth angle closer to 90° 
W, so that the solar rays hit the 
surface almost perpendicular. Thus, 
the fins have to be almost parallel 
to the surfaces and perpendicular to 
the rays. This fact increases the 
amount of necessary fins in order 
to cover the whole window and 
respectively the surface area. [8] 
 
In order to be able to compare 
different shadings structures for 
west orientations in Shiraz, it is 
essential to know how compare 
the different shading to each other 
with regard to their characteristics 
and dimensions according to the 
duration of sunshine on the 
window facade. In the following, 
different shading devices will be 
discussed with regard to their 
effectiveness in provided shading, 
visual contact and use of daylight. 
Provided shading due to the 
reduction of cooling loads.  Visual 
contact to provide a high comfort 
level and the use of daylight to 
reduce artificial lighting. 
 
5.4.1 Shading Type 
 
The following types of 
conventional shading devices 
were examined in Shiraz, Iran : 
 
Type I. Vertical louvers (Fig 164) 
Type II. Horizontal louvers (Fig 
163) 
Type III. Egg-crate shading 
structures (Fig 165) 
 
The functions of shading systems 
are to improve thermal and visual 
comfort by reducing overheating 
and glare, and to provide privacy.  
In some cases the disadvantage of 
shading devices is that it may 
reduce availability of daylight 
which enter the building, hence 
increasing consumption of energy 
for artificial lighting. 
. 
5.4 Types of shading 
devices used for this 
dissertation 
Figure 163. Horizontal shading devices. 
Figure 164 . Vertical shading devices 
Figure 165. Egg-crate shading structure  
 Thus, an effective shading device 
should be able to prevent the 
unwanted solar heat and allow the 
needed daylight to reach the 
building interior.[10] 
 
5.4.1.1 Vertical louvers : 
 
Vertical blinds can be optimized in 
depth and height. If the height is 
greater than the opening they can 
only have a very limited effect on 
the reduction of solar rays on the 
surface. An overhang at this point 
would be very efficient (Fig. 166). 
 
 In the late afternoon, vertical blinds 
are very effective since the angle 
between the azimuth angle of the 
sun and the normal vector of the 
opening is very high. Thus the solar 
rays hit the blinds from the side 
rather than frontal, which projects a 
wide shadow by the blinds. The 
number of blinds then depends on 
the depth of each blind. The greater 
the depth, the fewer blinds are 
necessary to provide full shading. To 
optimize vertical blinds, they should 
be operable so that they can be 
positioned perpendicular to the sun 
at all time to provide maximum 
shading. Maximum shading is 
provided when the sun sees the 
maximum surface area of the 
shading structure. The smaller the 
visible area, the most the amount of 
provided shading.  
 
 
 
 
Figure 166. Vertical blinds - shading gap 
Figure 167. Vertical blinds - no shading gap 
Figure 168. Calculation of rotation angle 
Figure 169. Assembly of rotated vertical 
blinds 
If the normal vector of a vertical blind 
has the same direction as the azimuth 
angle of the sun, vertical blinds 
provide the most possible shading. 
Likewise, the vertical blinds need to 
rotate throughout the day respectively 
to the azimuth angle of the sun 
 (Fig.     169). 
This angle represents maximum 
shading for a specific position of the 
sun. To receive maximum shading 
throughout the day or year, this angle 
has to be changed respectively. [8] 
 
 
5.4.1.2 Horizontal louvers : 
 
The most common shading devices 
are horizontal shading structures like 
overhangs or venetian blinds. Their 
size can be changed in two 
dimensions: width and depth. The 
width only has a limited effect on the 
provided shade ( fig.171). If the sun is 
at a higher position, around solar 
noon, horizontal shading elements are 
very effective. But in case the sun is at 
a lower position or the solar rays hit 
the surface from the side instead of 
frontal, horizontal blinds cannot 
provide shade effectively. Thus, a 
horizontal shading device on a west 
oriented façade is only efficient in the 
early afternoon. As soon as the solar 
rays are getting closer to be 
perpendicular to the façade’s surface, 
horizontal shadings are very 
inefficient, since they are not able to 
provide sufficient shading. As a result, 
a change of width and depth can only 
effect the optimization of shading to 
solar insolation ratio to a limited 
amount. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 170. Overhang - shading gap 
Figure 171. Overhang - no shading gap 
Figure 172. Calculation of rotation angle 
Figure 173. Assembly of rotated 
horizontal blinds 
Movable shading devices are very 
suitable for providing shading 
throughout the day and they are 
able to provide optimized shading 
related to almost every position of 
the sun. The amount of shading is 
then limited to the width of the 
shading with regard to the width 
of the opening 
As shown in figure 170 , a 
horizontal blind, which has the 
same width as the opening, is not 
able to provide shading on the 
very edge of the shading device, 
which is adjacent to the wall. This 
triangle created by the edge of the 
wall and the shading device will 
always be open for solar rays if 
the shading device does not 
exceed the width of the opening. 
In many cases, this might not be 
an option. A vertical blind at this 
point would be able to close this 
gap . Figure 173 show an example 
of an array of horizontal blinds 
rotated by the profile angle 
towards the sun to provide full 
shading. [ 8 ] 
 
5.4.1.3 Egg-crate shading 
structures 
 
Egg-crate structures are a 
combination of horizontal and 
vertical blinds (fig. 176). A 
modification for a non-movable 
structure can only be made in its 
direction perpendicular to the 
opening and the proportion of 
width and height of the opening. 
Since egg-crate structures are a 
combination of the two basic 
shading structures as described 
before, an increase of depth is 
very effective.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 174. Egg-crate shading structure optimization 
Figure 175. Egg-crate shading - horizontal  
optimization 
Figure 176. Egg-crate shading - vertical optimization 
Yet, the deeper the structure, the lower 
the degree of visual contact. A change 
of proportion delivers different results 
for different orientations. For this 
study, two different types of egg-crate 
shading structures were examined. 
Egg-crate structures with a square and 
vertically oriented opening. Generally, 
if the width is greater than the height, 
egg-crate shading structures are most.  
 Either part of the egg-crate structure - 
horizontal or vertical component - 
could be tilted or rotated in a certain 
direction in order to provide optimized 
shading (fig. 176). Ideally, both 
components of the egg-crate structure, 
the horizontal as well as the vertical, 
should be movable in order to provide 
maximum shading with a minimum 
structure. An optimization would be to 
tilt or rotate either component to a 
certain position which is optimized for 
providing shading for a certain time of 
the day or year. For the purpose of this 
study only one component at a time 
will be movable. [8] 
 
5.4.2 Design the dimensions of 
device which satisfy required 
shade and the degree of visual 
contact 
 
In order to have a realistic shading 
devices material thickness have to be 
taken into account. When shading 
structure provides full shading during 
the year, it might fail to provide a high 
comfort level for the user. A high 
amount of provided shading might 
lead to a low degree of visual contact. 
In designing the ultimate shading 
device tried to provides maximum 
amount of shading with a maximum 
degree of visual contact. The 
advantage of using an egg-crate 
structure lays in the combination of 
horizontal and vertical elements. 
These structures offer more shading 
for a changing position of the sun. The 
degree of visual contact not only 
depends on the area of visible shading 
structure in 2D, but also on the total 
area of the shading structure 
obstructing the view.  
 
Horizontal and vertical blinds may 
provide the highest degree of visual 
contact for a uniform material 
thickness, but they don’t perform as 
well in providing shading. On the 
other hand, egg-crate structures 
provide the most shading, but they 
have a lower degree of visual contact 
for the same thickness.  
 
 
 
 
 
 
 
 
 
Conclusion 
 
 Regard to given  explanations and 
the undertaken research in this 
chapter goal is to design a shading 
structure which maximizes the 
amount of provided shading for a 
specified period of time throughout 
the year whereas allowing 
maximum daylighting for another 
specified period of time. 
 
For this purpose, the total window 
area was divided into two parts.(Fig. 
177) Having two separate section 
with different shading type provide 
requirements of residential 
buildings' occupants easier than 
having single integrated sun 
shading. 
 
For this purpose, an adjustable and 
movable egg-crate structure has 
been chosen for the superior 
segment. Egg-crate shading 
structures always perform best no 
matter the location or orientation 
Although, egg-crate provide 
maximum shading, reduce steeply 
level of visual contact. This defect 
was relieved when shading device 
can open from upper part toward 
out. This is desirable for Shiraz by 
considering the possibility of 
opening from top. When sun is at a 
higher position and also egg-crate 
shade is open acts like an overhang.  
Figure 177. Façade division, upper and bottom zone. 
Figure 178. Adjustable and Movable Egg-rate 
Figure 179.Internal View from designed sun protection 
 Interestingly, maximum visual contact 
provide in this position because there 
is no obstruction in the height of the 
eye level and adequate daylight is 
obtained without producing glare to 
the occupants. Moreover, in the late 
afternoon, adjustable vertical 
component can rotated in a proper 
direction in order to provide optimized 
shading. 
 
For the lower part, operable vertical 
structure has been selected because of 
efficiency in cut off solar radiation by 
matching to sun movement in the 
afternoon. Due to Iranian culture, One 
of the most important factors in daily 
life which should be considered. 
Because it is located in the lower part 
it can provide adequate privacy. Level 
of visual contact and daylighting are 
not suffer extremely  when it is closed. 
In the following, Designed sunshade 
will presented in details. 
 
 
Western Bedroom With close Sunshade on Sep. 21- 13:00   
Western Bedroom With open Sunshade on June. 21- 16:00   
Western Bedroom With Semi-open Sunshade on Sep. 21- 14:00   
Light penetration into bedroom in different posistion of  sun shade 
Western Livingroom With open Sunshade on June. 21- 16:00   
Western Livingroom With close Sunshade on Sep. 21- 16:00   
Western LivingroomWith Semi-open Sunshade on Dec. 21- 16:00   
solar distribution into living room in different time. 
Simultaneous change in visual degree with egg-crate movement. 
Sun shade component: 
Sunshade component 
Sunshade component ( egg-crate and vertical structure)  
Egg-crate structure performance   
Outside view of sun shade 
inside view of sun shade 
Junction between wall and sunshade: 
44
Vertical structure performance with component 
Western Bedroom Without Sunshade on Jun. 21- 12.:00   
Western Bedroom Without Sunshade on Jun. 21- 14:00   
Western Bedroom Without Sunshade on Jun. 21- 13:00   
Western Bedroom Without Sunshade on Jun. 21- 16:00   
Western Bedroom With Semi-open Sunshade on Jun. 21- 12.:00   
Western Bedroom With Semi-open Sunshade on Jun. 21- 13:00   
Western Bedroom With Semi-open Sunshade on Jun. 21- 14:00   
Western Bedroom With Semi-open Sunshade on Jun. 21- 16:00   
Western Bedroom Without Sunshade on Sep. 21- 16:45   
Western Bedroom Without Sunshade on Sep. 21- 16:00   
Western Bedroom Without Sunshade on Sep. 21- 14:00   
Western Bedroom Without Sunshade on Sep. 21- 13:00   
Western Bedroom With Semi-open Sunshade on Sep. 21- 16:00   
Western Bedroom With Semi-open Sunshade on Sep. 21- 16:45   
Western Bedroom With Semi-open Sunshade on Sep. 21- 14:00   
Western Bedroom With Semi-open Sunshade on Sep. 21- 13:00   
Western Bedroom With close Sunshade on June. 21- 13:00   
Western Bedroom With close Sunshade on Sep. 21- 13:00   
Western Bedroom With close Sunshade on June. 21- 16:00   
Western Bedroom With close Sunshade on June. 21- 14:00   
Western Bedroom With open Sunshade on June. 21- 13:00   
Western Bedroom With open Sunshade on Sep. 21- 13:00   
Western Bedroom With open Sunshade on June. 21- 16:00   
Western Bedroom With open Sunshade on June. 21- 14:00   
Western Bedroom With close Sunshade on Sep. 21- 16:00   Western Bedroom With open Sunshade on Sep. 21- 16:00   
Western Bedroom With close Sunshade on Dec. 21- 14:00   
Western Bedroom With close Sunshade on Dec. 21- 16:00   
Western Bedroom With close Sunshade on Dec. 21- 13:00   
Western Bedroom With open Sunshade on Dec. 21- 16:00   
Western Bedroom With open Sunshade on Dec. 21- 14:00   
Western Bedroom With open Sunshade on Dec. 21- 13:00   
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